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(54) METHOD FOR CLEANING SURFACE OF STEEL SHEET 

(57)Abstract: 

PURPOSE: To surely remove the scale with difficult peelabifity by 
striking the liquid drop generated in the liquid drop flow region of the 
liquid flow discharged from a nozzle on the surface of the steel sheet of 
the prescribed temperature. 

CONSTITUTION: The liquid is discharged from a nozzle, and the liquid 
drop generated in the liquid drop flow region is struck on the surface of 
the steel sheet of >850** C. The scale of the structure which may bite in ^ 
the metal can be removed to clean the surface of the steel sheet. In the 
case of the steel sheet containing Si of >0.5wt%, the surface 
temperature is >850'* C, and the liquid is discharged from the nozzle to 
satisfy the relationship between the discharge pressure P and the 
discharge amount W of P(kg/cm2) x W(litre/ cm2)>0.8 x (wt.% Si): This 
constitution prevents the generation of the scale flaw on the hot rolled 
steel sheet. 
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* NOTICES * * • k 




Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 



1 This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] A clarification method on the surface of a steel plate which makes temperature of the surface of said 
steel plate 850 degrees C or more, and is characterized by making a drop generated in a drop style field among 
said liquid flow made to breathe out from said nozzle collide with the surface of said steel plate, and making it 
clarification in a clarification method on the surface of a steel plate which a liquid made to breathe out from a 
nozzle is made to collide on the surface of a steel plate, and makes this surface clarification. 
[Claim 2] In a clarification method on the surface of a steel plate which a liquid made to breathe out from a 
nozzle is made to collide with the surface of a steel plate containing Si beyond 0.5wt%, and makes this surface 
clarification A clarification method on the surface of a steel plate characterized by making temperature of the 
surface of said steel plate into 850 degrees C or more, making a drop generated in a drop style field among liquid 
flow made to breathe out from said nozzle on conditions with which a discharge pressure P and discharge 
quantity W fill a bottom type collide with the surface of said steel plate, and making it clarification. 
P(kg/cm2) xWCliter / cm2) >=0.8x (wt%Si) 

[Claim 3] A clarification method on the surface of a steel plate according to claim 1 or 2 characterized by 
carrying out distance L of said nozzle and surface of said steel plate within limits which fill a bottom type. 
yL <=L<=yHyH =390000/(x+360)+P/5-960yL =390000/(x+360)+P/29-960P: A discharge pressure of water 
(kg/cm2) 

x: A flare angle of a nozzle (degree) 

Ten <= x<=50 degrees [Claim 4] A clarification method on claims 1 and 2 characterized by making said liquid 
breathe out from said nozzle after making a liquid rectify, or the surface of a steel plate given in three. 
[Claim 5] A clarification method on claims 1. 2, and 3 characterized by fluctuating distance of said nozzle and 
said steel plate according to the following formulas according to. a change in said discharge pressure of said 
liquid, or the surface of a steel plate given in four. 
L=yy=390000/(x+360)+P/1 0-960 



[Translation done.] 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje?u=http%3A%2F%2Fwww4.ipdl.jpo.go.jp%2FTokuji... 2004/02/06 



1/7 V 



* NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 



1 This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] In removing a scale from the steel plate surface before hot rolling, this invention relates 
to the clarification method on the surface of a steel plate used suitably, concerning the clarification method on 
the surface of a steel plate which makes the steel plate surface clarification. 
[0002] 

[Description of the Prior Art] In manufacture of the hot rolled sheet steel by hot rolling, material slab is inserted 
in the heating furnace of an oxidizing atmosphere, rear-spring-supporter heating is usually carried out at HOG- 
MOO degrees C in several hours, and it hot-rolls with a rougher. Although a primary scale generates on the 
surface of material slab by the heating at high temperature of several hours, if material slab is hot-rolled in the 
condition [ that this primary scale exfoliates freely enough ]. a scale will serve as an interlocking scale crack on 
the surface of a product, and it will remain, if such a scale crack occurs — the surface — since the origin of a 
crack comes in the case of bending etc. while description is spoiled remarkably, the serious evil for the quality of 
a product is done. Then, the water-jet descaling equipment (it is hereafter called a descaler) which the method 
of preventing generating of a scale crack is proposed from the former, for example, injects water by about 100 to 
150 (kg/cm2) pressure is arranged to rolling Rhine, high-pressure water is injected on the steel plate surface 
from this descaler, and the method of rolling out. after exfoliating and removing the scale generated by the steel 
plate surface is learned. 

[0003] However, the quality of scale detachability is strongly influenced according to the description of a scale, 
i.e., a presentation, structure, etc. of a scale, other than the operating condition of descalers, such as water 
pressure. It is known that especially the primary scale generated to steel with many Si (silicon) contents will 
stop being able to exfoliate easily greatly. This cause is because the subscale layer of the characteristic 
structure in which the presentation of thermoplastic large 2 FeO-Si02 (FEYA light) was generated for Si in steel 
in response to selective oxidation when steel oxidized by heating at high temperature, and the interface with 
steel became intricate intricately is formed. For example, if the steel which contains Si 0.1% or more is heat- 
treated, the above-mentioned amount of generation of subscale will increase remarkably. Since this subscale is 
easily unremovable as mentioned above, a countless scale crack remains in the product surface after rolling, and 
it reduces the commodity value of a product on it remarkably. Moreover, by the method of injecting the above- 
mentioned high-pressure water, the secondary scale produced after removing a primary scale does not fully 
exfoliate, consequently a scale crack generates it in many cases. 

[0004] It faces hot-rolling the slab which becomes JP,60-1085.B from the steel of 0.10 - 4.00% content of "Si as 
technology which solves the above-mentioned problem, and manufacturing hot rolled sheet steel. [ within the 
rolling period which the accumulation rolling reduction which measured from the rolling initiation point in time 
becomes 65% or more, and has cast piece temperature in 1000 degrees C or more ] 80-250kg/cm2 The 
descaling method at the time of hot rolling of the ** Si steel characterized by making descaling by the high- 
pressure water jet into accumulation time amount and performing it 0.04 seconds or more" is indicated, 
moreover — JP,4-238620,A — " — a difficulty detachability scale steel type — hot rolling ~ giving — hot rolled 
sheet steel — manufacturing — facing — before finishing rolling — the collision pressure per unit spraying area 
— 20g/mm2 — the above — 40g/mm2 — the following — it is — and a flow rate — 0.11. / min-mm2 — the 
above — 0.21. / min mm2 descaling method characterized by injecting the following high—pressure water 
sprays on the steel plate surface is indicated. 

[0005] Moreover, as a nozzle for exfoliating and removing a difficulty detachability scale, "the descaling nozzle 
which a long picture comes to consist of rectification liquid flow channels" is proposed by JP,5-261426,A. and 
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since the collision force increas^^pe descaling nozzle which has a rectifi^^^mpared with the conventional 

nozzle, the effective thing is indflij^d to the difficulty detachability scale s^^ type. 

[0006] 

[Problem(s) to be Solved by the Invention] However, with the technology indicated by JP,60-1085.B among the 
above-mentioned conventional technology, since it is necessary to secure hot FET (Finisher EntryTemperature: 
just before [ finish rolling ] temperature) of 1000 degrees C or more, it is necessary to extract a steel plate from 
a heating furnace at an elevated temperature, and there is a problem that a material unit gets worse or scale 
loss increases. And various constraint arises in rolling reduction or descaling time amount, and a rolling operation 
also becomes complicated. 

[0007] moreover — the technology indicated by above-mentioned JP,4-238620,A — the collision pressure of a 
high-pressure water spray, and amount of water — density is specified, exfoliation of a scale is performed by 
the momentary collision force, and it is thought that it depends for the amount of exfoliations of a scale on the 
collision pressure of a high-pressure water spray, this view — "iron and steel" — it is stated to the paper "the 
collision pressure at the time of high-pressure water descaling in hot rolling" indicated by year [ 77th ] (1 991) 
No. 9 in detail, and it is indicated by taking into consideration the minimum collision pressure for exfoliating the 
scale generated by the differential thermal expansion accompanying a quenching operation of the scale by high- 
pressure water, and various kinds of steel in this paper that good descaling is carried out. However, according to 
the above-mentioned technology, most things exfoliate among scales, but the thing with structure which eats 
into a metal remains, without being removed. For this reason, the scale crack called a red scale also after rolling 
remains, and this scale crack has the problem of becoming so remarkable that Si content increasing. 
[0008] Moreover, although indicated by above-mentioned JP.5-261426,A about the structure and the engine 
performance of a descaling nozzle with a rectifier, the operation in hot-rolling factories, such as the optimal 
distance on a nozzle and the surface of a steel plate, is not indicated, for example. This invention aims at 
offering the clarification method on the suitable surface of a steel plate removing a scale from the steel plate 
surface before hot rolling in view of the above-mentioned situation. 
[0009] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, as a result of doing various 
experiment and researches, this invention person etc. checks existing also in sprays, such as a spray for 
descaling which impulse force which exists in a water jet uses in order to make the steel plate surface into 
clarification, and came to make this invention paying attention to this impulse force acting to clarification on the 
surface of a steel plate, such as descaling, effectively. 

[0010] A clarification method on the surface of a steel plate of this invention for attaining the above-mentioned 
purpose specifically In a clarification method on the surface of a steel plate which a liquid made to breathe out 
from a nozzle is made to collide on the surface of a steel plate, and makes this surface clarification It is 
characterized by making temperature of the surface of said steel plate into 850 degrees C or more, making a 
drop generated in a drop style field among said liquid flow made to breathe out from said nozzle collide with the 
surface of said steel plate, and making it clarification, 

[0011] Moreover, a clarification method on the surface of a steel plate of this invention for attaining the above- 
mentioned purpose In a clarification method on the surface of a steel plate which a liquid made to breathe out 
from a nozzle is made to collide with the surface of a steel plate containing Si beyond 0.5wt%. and makes this 
surface clarification It is characterized by making temperature of the surface of said steel plate into 850 degrees 
C or more, making a drop generated in a drop style field among liquid flow made to breathe out from said nozzle 
on conditions with which a discharge pressure P and discharge quantity W fill a bottom type collide with the 
surface of said steel plate, and making it clarification. 
[0012] P(kg/cm2) xWditer / cm2) >=0.8x (wt%Si) 

It is desirable to carry out distance L of a nozzle and the surface of a steel plate within limits which fill a bottom 
type here. 

yL <=L<=yHyH =390000/(x+360)+P/5-960yL =390000/(x+360)+P/29-96010 <=x <=50P; a discharge pressure of 

water (kg/cm2) 

x; a flare angle of a nozzle (degree) 

Moreover, in making a liquid breathe out, it is desirable to make it breathe out. after making a liquid rectify. 
[0013] Furthermore, it is desirable to fluctuate distance of a nozzle and a steel plate according to the following 
formulas according to a change in a discharge pressure of a liquid. 
L=yy=390000/(x+360) +P / 10-960 [0014] 

[Function] According to this invention, it can remove, even if it is the scale which has the structure which eats 
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into a metal in the steel plate s^^e which made temperature 850 degre^^or more since the drop generated 
in the drop style field is made t^Wide, and the steel plate surface can be^^de into clarification. Moreover, 
since a liquid is made to breathe out and it is made to collide with the steel plate surface so that a discharge 
pressure P and discharge quantity W may fulfill predetermined conditions, even if the subscale layer of the 
characteristic structure in which the interface with steel became intricate intricately by Content Si is formed, in 
the case of the steel plate containing Si beyond 0.5wt%. this subscale layer can be removed, and it can make the 
steel plate surface clarification. 

[0015] Here, by making it predetermined within the limits which described above the distance L on a nozzle and 
the surface of a steel plate, the optimal distance according to the discharge pressure of a liquid can be set up, 
and the steel plate surface is efficiently made to clarification. Moreover, since the distance L on a nozzle and 
the surface of a steel plate becomes long compared with the case where it is not made to rectify when a liquid 
is breathed out after making a liquid rectify, failure of the nozzle by the steel plate etc. can be prevented. 
[0016] Furthermore, when the distance of a nozzle and a steel plate is fluctuated according to the change in the 
discharge pressure of a liquid, the optimal distance according to the discharge pressure of a liquid can be set up, 
and the steel plate surface is efficiently made to clarification. Next, a water jet is explained. The erosion 
operation of a water jet is stated to the "water jet technical lexicon" (edited by Water Jet Technology Society 
of Japan; Maruzen Co.. Ltd. publication) in detail. Drawi n g 1 is the mimetic diagram showing the high-speed water 
jet property in mind of a water jet. the mind shown in dr awin g 1 by the water jet — the crown — if the drop in 
the drop style field of the Hayami jet property collides with collided material, an impulse wave is generated by 
sudden compression of a drop, there is the feature of carrying out erosion of the collided material by the water 
hammering by this impulse wave, and it is checked that the pressure buildup in a collision reaches by several or 
more times the injection pressure. 

[0017] The outline of a jet mold nozzle in which drayyin^^^^ (a) is used for a water jet. and (b) are the perspective 
diagrams showing the outline of the flat nozzle for descaling used with hot rolling. As shown in drawing 2 , unlike 
the jet mold nozzle 12 used for a water jet, with the descaling nozzle 10 used with hot rolling, to pour water on 
full [ of hot-rolling material ] is needed. For this reason, the water 14 which installed the nozzle generally called 
a flat spray nozzle crosswise [ of hot-rolling material ], and injected it is opened crosswise [ of hot-rolling 
material ], 

[0018] Next, the experiment used as the base of this invention is explained. In this experiment, the erosion 
experiment of an aluminum plate was conducted like the water jet using the flat spray nozzle. In the experiment, 
the amount by which set to 450kg/cm2 of discharge pressures of water, and the flow rate of 1001. / min using 
the flat spray nozzle which has 30 degrees whenever [ angle-of-divergence ]. and changed the distance (spray 
distance) of a nozzle and an aluminum plate, and erosion was carried out in 30 seconds was measured. This 
measurement was performed by searching for the weight difference of the aluminum plate before and behind an 
experiment. An experimental result is shown in drayying 3 . It became clear that the diffusion field of a 
continuous-flow field, a drop style field, and a drop existed also in a flat spray nozzle like the case of a water jet. 
and a clear erosion peak existed. 

[0019] Next, aluminum5052 was made into the sample using the same nozzle as the above-mentioned 
experiment, and it changed and experimented in the discharge pressure of water. Drayying 4 shows the 
experimental result and the axis of ordinate and the horizontal axis are the same as drayy|ng 3 . According to 
drayvrng 4 . it turns out that it is moving to the one where the location 20 of an erosion peak is more distant than 
a nozzle with the rise of the discharge pressure of water, and change of the location of an erosion peak is 
proportional to a pressure. 

[0020] Here, the component and physical-properties value of aluminum used for the experiment of drawing 3 and 
drawing 4 are shown in a table 1 and a table 2. Pure aluminum shown in a table 1 in the experiment of drawing 3 
and aluminum5052 shown in a table 2 in the experiment of drawing 4 were used 
[0021] " ' 

[A table 1] 
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[A table 2] 
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^1^^^ 2 3 [kg/mm^ ] 

y''} 0 [1 0/5 o 0] 

A 1 5 0 5 2 o:i/jmmm^c;t^^mi< '^^tuz < <r ^ 

[0023] aluminum5052 is made into a sample using the same nozzle as the above-mentioned experiment, and it is 
the discharge pressure of water 450kg/cm2 It carried out and asked for the relation between the flare angle of 
water, and the location (distance from a nozzle, the optimal distance) of an erosion peak. This result is shown in 
drawing 5 and an axis of ordinate expresses the optimal distance. The relation of the discharge pressure of water 
and the location of an erosion peak can be expressed as y=390000/(x+360)+P / 10-960 from drawing 4 and 
dravying 5 whenever [ angle-of^divergence ]. 
[0024] Here, it is the y; optimal distance (mm). 

x; whenever [ angle-of-divergence / of the nozzle for descaling ] (degree: degree) 
P; the discharge pressure of water (kg/cm2) 

Moreover, the applicability of a top type becomes ten <= x<=50 degrees. While being able to check that the 
location of an erosion peak changes according to the discharge pressure of water from drayying 4 , compared 
with the amount of erosion of a peak, it turns out that the range which is seldom inferior in the erosion force 
exists around the location of an erosion peak. Therefore, as for the range where the erosion force of a flat spray 
nozzle becomes 50 percent or more of erosion peak value, according to drawing 4 , it turns out distance <=yHyL 
=390000/(x+360)+P/5-960yH =390000 / (x+360) thing [ ~960 ] +P/29 on yL <= flat spray nozzle and the surface 
of a board. 

[0025] Moreover, since it is a premise that the water breathed out from the flat spray nozzle acquires 
homogeneity flow rate distribution over the cross direction on the surface of a board, if a flat nozzle with 
whenever [ angle-of-divergence / of water / smaller than 10 degrees ] is adopted, the number of a nozzle will 
increase. On the other hand, if whenever [ angle-of-divergence / of the breathed~out water ] becomes larger 
than 50 degrees, although the number of a nozzle decreases, since its angle is too large, it has the defect that 
homogeneity flow rate distribution of the cross direction on the surface of a board becomes is hard to be 
acquired. Then, whenever [ angle-of-divergence / of a nozzle ] was limited to 50 or less degrees 10 degrees or 
more. Moreover, about the distance on a nozzle and the surface of a board, if a nozzle is too close to the board 
surface, a nozzle will contact the board surface, and will be damaged or we will be anxious about a crack 
occurring on the board surface etc. For this reason, although it is more desirable to have detached both if 
possible, it thinks from a point with very important for clarification on the surface of a board, such as descaling, 
generating the above-mentioned impulse force effectively, and it is desirable in layout of the system to set it as 
the range between the peak location of erosion and the location where impulse force is still effectively 
demonstrated rather than this peak location in a distant location. 
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[0026] Moreover, in accordanc^^^ the regurgitation conditions (for exan^^^ discharge pressure) of a spray, 
much more effective descaling WKm)e carried out by setting up the optima^nstance on a nozzle and the surface 
of a board. Next, the result of having conducted the erosion experiment of an aluminum plate by the flat spray 
nozzle with a rectifier and the rectifierHess flat spray nozzle is shown. In the experiment, the amount by which 
set to 450kg/cm2 of discharge pressures of water, and the flow rate of 1001, / min using the flat spray nozzle 
which has 30 degrees whenever [ angle-of-divergence ], and changed the distance (spray distance) of a nozzle 
and an aluminum plate, and erosion was carried out in 30 seconds was measured. This measurement was 
performed as mentioned above by searching for the weight difference of the aluminum plate before and behind 
an experiment. An experimental result is shown in drawing 6 . As mentioned above, it became clear that the 
diffusion field of a continuous-flow field, a drop style field, and a drop existed also in a flat spray nozzle like the 
case of a water jet. and a clear erosion peak existed. Moreover, when it sees about the effect of a rectifier, with 
the conventional nozzle without a rectifier, the spray distance of an erosion peak is near 50mm. and the distance 
on a nozzle and the surface of a board is quite near. For this reason, a possibility that a nozzle and a board will 
contact by vibration of a board or change of thickness becomes quite high, and it turns out that it is the spray 
distance in which we are anxious about a crack occurring to failure and the board of a nozzle etc. On the other 
hand, with a nozzle with a rectifier, since the location of a nozzle where erosion serves as a peak is distant from 
the board surface, it can prevent that a crack occurs to failure and the board of a nozzle etc. 
[0027] Next, the maximum temperature on the surface of a steel plate which hits carrying out clarification of the 
steel plate surface is explained. From the point of the erosion by the descaler, the one where the temperature of 
steel materials is higher is advantageous, in order that the reinforcement of the quality of the material may fall. 
However, the rise of temperature is not actually desirable in order to cause the rise of the fuel consumption rate 
of a heating furnace, and increase of the oxidation loss of the slab within a heating furnace. Therefore, the 
extract temperature actually needed in quality of the material with a heating furnace becomes rate-limiting, and 
the conditions of a descaler become what was doubled with the extract temperature. 

[0028] Generally, the extract temperature of a heating furnace is a maximum of 1300 degrees C, and this serves 
as a maximum temperature on parenchyma. Moreover, although the minimum of quality-of-the-material — too 
temperature exists when carrying out descaling in front of a finishing mill, about a maximum, it does not exist 
clearly. However, the rise of this temperature as well as the above is not desirable in order to cause the rise of a 
fuel consumption rate, and increase of the oxidation loss of the slab within a heating furnace. This temperature 
is the highest substantially and is about 1 100 degrees C. 
[0029] 

[Example] Hereafter, with reference to a drawing, the example of the clarification method on the surface of a 
steel plate of this invention is explained. Here, the example which applied the clarification method on the surface 
of a steel plate of this invention to descaling which exfoliates and removes a scale from the hot steel plate 
surface is explained. First, with reference to dravying 7 , the experiment which removed the scale from the steel 
plate of SS400 is explained. Drawing 7 is a graph which shows an experimental result, a horizontal axis expresses 
the skin temperature of a steel plate, and an axis of ordinate expresses the amount of erosion. Measurement of 
the amount of erosion was performed by searching for the weight difference of the steel plate before and behind 
an experiment. 

[0030] In this experiment, the flat spray nozzle for descaling which has 30 degrees whenever [ angle-of- 
divergence ] was used, and distance from this nozzle to the steel plate surface was set to 100mm. According to 
drawing 7 , for the temperature of a steel plate, the discharge pressure of 850 degrees C or more and water is 
300kg/ cm2. It became clear that erosion of the steel plate was carried out to becoming above. Usually, for the 
sheet bar in front of a finishing mill, in order to be 900 degrees C or more in temperature and to carry out 
erosion of the surface of this sheet bar certainly, the discharge pressure of water is 300kg/cm2. It turns out 
that it is above required. 

[0031] next, drawing 8 — referring to — Si — 1.8wt(s)% — the experiment which removed the scale from the 
steel plate to contain is explained as compared with a conventional method. This experiment carries out 
descaling using the erosion force, after adjusting an operating condition to Si content steel which is easy to 
generate a difficulty detachability scale called a red scale so that steel plate skin temperature may become 950 
degrees C. Moreover, in this experiment, the flat spray nozzle for descaling which has 30 degrees whenever 
[ angle-of-divergence ] was used, and distance from this nozzle to the steel plate surface was set to 100mm. 
Drawing 8 is a graph which shows an experimental result, a horizontal axis expresses the product of the 
discharge pressure of water, and the amount of water breathed out to the unit surface of a steel plate, and an 
axis of ordinate expresses the rate of scale area exfoliation. Measurement of the rate of scale area exfoliation 
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was performed by searching for^B^difference of the scale area of the ste^^ate before and behind an 
experiment. Moreover, in the st^^ate, 0.07wt%C and 1.7wt%Mn contain a^^mponents other than Si, 
[0032] Good descaling can be carried out by setting up a required discharge pressure and required amount of 
water (amount of supply of the water per unit area of a steel plate) so that drawing 8 may show. Moreover, in 
the conventional method, in order to avoid that a steel plate contacts the nozzle for descaling at the time of 
passage of maintenance nature and a steel plate etc.. since the distance of a nozzle and a steel plate was set as 
200mm or more, generally, it was set as 200mm in this experiment. On the other hand by this invention method, 
distance is set up based on the experimental result shown in drayying_4 . Both, modification of a flow rate 
corresponded, when law changed the aperture of a nozzle. As shown in drawing 8 , when descaling with the 
application of this invention method, it became clear that scales decreased in number clearly compared with a 
conventional method. In addition, although the cure to the contact at the time of steel plate passage etc. is 
needed by this invention method in order that the distance of a nozzle and a steel plate may approach compared 
with a conventional method, the improvement in descaling nature is remarkable and the predominance is clear. 
Moreover, the discharge pressure of water is 1000kg/cm2 when the maintenance nature and economical 
efficiency of equipment are taken into consideration. The following is enough. Moreover, although the example 
about Si content steel was shown, it is clear that it is flexible by using the principle of erosion also about other 
difficulty detachability scales. 

[0033] next, drawing 9 — referring to — Si — 0.6wt(s)% and 1.0wt% and 1.5wt% — the experiment which 
removed the scale from three kinds of steel plates to contain is explained. Drawing 9 is a graph which shows an 
experimental result, and the horizontal axis and the axis of ordinate are the same as the graph of dravying 8 . 
Moreover, experiment conditions are the same as the experiment of drawing 8 . As shown in drawing 9 , the 
content of Si follows on increasing, and since the initial complement which should be carried out erosion 
increases, the increment in the discharge pressure of water or the increment in amount of water is needed. 
Amount-of-water >=0.8x which carries out the regurgitation to the discharge-pressure x steel plate surface of 
water according to drawing 9 (%Si) [a kg/cm2x liter / cm2 x%Si] 

By carrying out, it became clear to the steel type containing Si beyond 0.5wt% that a red scale was completely 
removable. Moreover, the discharge pressure of water is 1000kg/cm2 when the maintenance nature and 
economical efficiency of equipment are taken into consideration. The following is enough. 

[0034] The above —mentioned example uses that the impulse force (water hammer force) which a water jet has 
also in the flat spray nozzle used for descaling exists, and carries out descaling in the optimal distance which 
can acquire the impulse force. Consequently, since the erosion of the ferrite in a scale and the bottom of it itself 
can be carried out according to the impulse force which a drop has, it is completely removable also about a 
scale which eats into a ferrite. Thereby, compared with the conventional method which exfoliates a scale using 
the collision force, the rate of scale area exfoliation improved greatly. 

[0035] Next, the experiment which rectified and breathed out the flow of water is explained with reference to 
drawing 10 . dray{\ng j± . and dr awin g 12 . In this experiment, the lead plate was used, discharge quantity of the 
water per unit area of 150kg/cm2 and a lead plate was set to 78.01. / min for the discharge pressure of water 
using the flat spray nozzle for descaling which has 30 degrees whenever [ angle-of-divergence ], and the 
distance from a nozzle to the lead-plate surface was changed. The outline block diagram showing the flat spray 
nozzle which used drawing 1^^^^ the experiment, the graph with which drawing 1 1 shows the relation between 
spray distance and the amount of erosion, and drawin^^^ are graphs which show the relation between 
rectification distance and the peak location of erosion. 

[0036] As shown in drawing 1 1 and dravying 12 . when the length of a rectifier 30 (refer to drawing 10 ) was 
lengthened, the location which shows the peak of erosion also on the same nozzle conditions changed. The value 
tends to be saturated although the location of an erosion peak will become close to a nozzle if rectification 
distance is short, and the location of an erosion peak will become far from a nozzle gradually on the other hand, 
if rectification distance is lengthened. When carrying out descaling, the sheet bar bottom is not protected about 
the bottom, although protected with a roll. For this reason, when the transformed sheet bar thrusts in, the sheet 
bar collides with a nozzle tip 32 (refer to drawing, 1 0 ), and there is a possibility of damaging a nozzle. Therefore, 
although to carry out the regurgitation of the water in the location distant from the sheet bar is desired, the 
effect of descaling is lost in the location which does not demonstrate the water hammer force. Then, the 
rectifier was formed, and since the water hammer force was generated in the location distant from the sheet bar 
if possible, it became clear that it was necessary to attach a long rectifier. 

[0037] Next, the example which applied the clarification method on the surface of a steel plate of this invention 
to nickel content steel is explained. It experimented like [ steel / nickel content ] Si content steel. About nickel. 
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idrawing 1 3 , descaling conditions 



[0038] Amount-of-water >=0.4x which carries out the regurgitation to the discharge-pressure x steel plate 

surface of water [%nickel] 

[A kg/cm2 X liter / cm2 x%nickel] 

Moreover, generally there is (FSB; secondary descaling) in descaling (RSB; removal of the primary scale 
generated within the heating furnace) in a heating furnace outlet (before a rougher) and descaling before a 
finishing mill in descaling, when it is indispensable to carry out high-pressure descaling by FSB in the case of Si 
content steel, but plain steel and removing a primary scale firmly by RSB in a steel type in addition to this lose a 
scale pit — very much — effective — this technique (extra-high voltage DESUKE) — RSB and FSB — it is 
effective even if it adopts it as any. 
[0039] 

[Effect of the Invention] Since the drop of a drop style field is made to collide with the surface which made skin 
temperature 850 degrees C or more as explained above according to the clarification method on the surface of a 
steel plate of this invention, it becomes possible to remove certainly about the scale of difficulty detachability 
which was not able to exfoliate conventionally, for example, generating of the scale crack in hot rolled sheet 
steel can be prevented beforehand. 

[0040] Moreover, since a liquid is made to breathe out and it is made to collide with the steel plate surface so 
that a discharge pressure P and discharge quantity W may fulfill predetermined conditions, even if the subscale 
layer of the characteristic structure in which the interface with steel became intricate intricately by Content Si 
is formed, in the case of the steel plate containing Si beyond 0.5wt%, this subscale layer can be removed, and it 
can make the steel plate surface clarification. 

[0041] Furthermore, when it is made predetermined within the limits which described above the distance on a 
nozzle and the surface of a steel plate, the optimal distance according to the discharge pressure of a liquid can 
be set up, and the steel plate surface is efficiently made to clarification. Since the distance on a nozzle and the 
surface of a steel plate becomes long compared with the case where it is not made to rectify when a liquid is 
breathed out further again after making a liquid rectify, failure of the nozzle by the steel plate etc. can be 
prevented. 

[0042] When the distance of a nozzle and a steel plate is fluctuated according to the change in the discharge 
pressure of a liquid, the optimal distance according to the discharge pressure of a liquid can be set up, and the 
steel plate surface is efficiently made to clarification further again. 
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* NOTICES * * '^1^' 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 
[Drawing 1] It is the mimetic diagram showing the high-speed water jet property in mind of a water jet. 
[Drawing 2] The outline of a jet mold nozzle in which (a) is used for a water jet, and (b) are the perspective 
diagrams showing the outline of the flat spray nozzle for descaling used with hot rolling. 

[Drawing 3] It is the graph which shows the result of having conducted the erosion experiment of an aluminum 
plate using the flat spray nozzle. 

[Dravying 4] It is the graph which shows the result of having used the flat spray nozzle, having changed the 
discharge pressure of water, and having conducted the erosion experiment of the board made from 

aluminum5052. 

[Dravying 5] A fiat spray nozzle is used and it is the discharge pressure of water 450kg/cm2 It is the graph which 
shows the experimental result which carried out and made the board made from aluminum5052 the sample. 
[Drawing 6] It is the graph which shows the result of having conducted the erosion experiment of an aluminum 
plate by the spray nozzle with a rectifier, and the rectifierHess spray nozzle. 

[Dravying 7] It is the graph which shows the experimental result which removed the scale from the steel plate 
made from SS400. 

[Drawing 8] Si — 1 .5wt(s)% — it is the graph which shows the experiment which removed the scale from the 
steel plate to contain as compared with a conventional method. 

[Dravying 9] Si — 0.6wt(s)% and 1.0wt% and 1.5wt% — it is the graph which shows the experimental result which 
removed the scale from three kinds of steel plates to contain. 

[Drawing 10] It is the outline block diagram showing the flat spray nozzle used for the experiment which was 
made to rectify the flow of water and was breathed out. 

[Drawing 11] It is the graph which shows the relation between spray distance and the amount of erosion among 
the results in which it experimented using the flat spray nozzle shown in draw ing 10 . 

[Dravying 1 2] It is the graph which shows the relation between rectification distance and the peak location of 
erosion among the results in which it experimented using the flat spray nozzle shown in drawing 10 . 
[Drawing 13] nickel — 1.1wt(s)% and 2.0wt% and 3.0wt% — it is the graph which shows the experimental result 
which removed the scale from three kinds of steel plates to contain. 
[Description of Notations] 
30 Rectifier 
32 Nozzle Tip 
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